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INTERPRETATION OF THE AEROMAGNETIC MAP 
OF THE ANCHORAGE QUADRANGLE, ALASKA 

by 
L.E. Burns,' and G.R. Winklel.2 

INTRODUCTION 

This aeromagnetic interpretation of the Anchorage 
Quadrangle is part of a joint project of the U.S. Geological 
Survey (USGS) and the Alaska Division of Geological 
& Geophysical Surveys (DGGS). USGS studies were 
conducted under the auspices of the Alaska Mineral 
Resource Assessment Program (AMRAP). The 
aeromagnetic map and interpretation presented here are 
intended as a companion to the geologic map of the 
Anchorage Quadrangle compiled by Winkler (1992). 

Three separate aeromagnetic surveys have been 
combined for this interpretation. In 1972 DGGS flew an 
aeromagnetic survey of the north part of the quadrangle 
(DGGS, 1973). In 1979 the southeast part of the quad- 
rangle was surveyed for the USGS mineral-resource 
investigations of the Chugach National Forest (USGS, 
1980). In 1982 the AMRAP project surveyed the large 
intervening part of the quadrangle (USGS, 1984). For 
this report, the three aeromagnetic maps have been 
patched together to form sheet 1. An interpretation of 
the magnetic data has been combined with topographic 
and simplified geologic bases to form sheet 2. The geo- 
logic base was simplified from Winkler (1992), with 
some modifications in the northcentral Chugach Moun- 
tains based on the report of Bums and others (1991). 
Although many map units are displayed on sheet 2 as on 
the earlier maps, some units from the earlier maps have 
been combined on sheet 2. 

All three surveys were flown at a barometric 
elevation of about 300 m above ground level, except 
locally where topography required higher flight 
elevations. Flight lines for the central and southeastern 
sections were spaced about 1.6 km apart and for the 

LKB Resources gathered and compiled data for the 
northern and southeastern sections using a modified 
fluxgate magnetometer for the southeastern portion, and 
probably for the northern portion as well. Diversified 
Technical Services, Inc. flew the survey flights for the 
central section. The company recorded continuous to- 
tal-intensity magnetic data along flight traverses with a 
proton-precession magnetometer having a sensitivity of 
0.25 gammas. 

In this report we interpret the aeromagnetic map in 
reference to the main rock units causing the magnetic 
anomalies. Magnetic susceptibilities of various rock units 
in the adjacent Valdez Quadrangle were measured and 
reported by Bums (1982) and Case and others (1986). 
These rock units continue into the Anchorage Quadrangle 
and, therefore, the magnetic susceptibilities should be 
similar. Time did not pennit measurements of suscepti- 
bilities of the many samples collected from theAnchorage 
Quadrangle. Earlier aeromagnetic interpretations that 
aided this study are by Grantz and others (1963) for the 
western Anchorage Quadrangle, Csejtey and Griscom 
(1978) for theTalkeetna Mountains Quadrangle, Griscom 
(1979) for the Talkeetna Quadrangle, Case and others 
(1979) for the Seward and Blying Sound Quadrangles, 
and Burns (1982) and Case and others (1986) for the 
Valdez Quadrangle. 

Igneous rock terminology used in this report is from 
Streckeisen (1976). All ages of plutonic rocks mentioned 
were determined by the K-Ar method and are sumrna- 
rized in either Burns and others (1991) or Wmkler (1992). 

SUMMARY OF GEOLOGY AND 
ROCK MAGNETIC PROPERTIES 

northern section about 0.8 km apart. Data for all three The Anchorage Quadrangle is divided into three 
sections were corrected for a regional magnetic field major tectonostratigraphic terranes (fig. I), which differ 
based on International Geomagnetic Reference Field in lithostratigraphy and structural style (Jones and 
(IGRF), 1975 or 1978.M data were computer contoured, Silberling, 1979). The Peninsular terrane on the north is 
but the grid sizes for each of the three sections were composed predominantly of volcanic, plutonic, and 
different (sheet 1). sedimentary rocks of Jurassic, Cretaceous, and Tertiary 

age; minor amounts of metamorphic rocks with a 
probable pre-Jurassic protolith age also are present in 
the Peninsular terrane. The terrane is separated from the 

' ~ i v i s i o n  of Geological & Geophysical Surveys, 794 University 
Avenue, Suite 200, Fairbanks, Alaska 99709-3645. 

Chugach terrane on the south by the Border Ranges fault 

2 ~ . ~ .  Geoloeical Survey - MS 905, Federal Center, Box 25046, (MacKevett and P1afier* 1974; fig. sheet 2). The 
Denver. ~oiorado 80225-0046. Chugach terrane is a thick, complexly deformed 



Figure 1 .  Anchorage Quadrangle showing major faults and tectonostratigraphic terrane boundaries. Peninsula6 Chugach, and Prince 
William terranes are modij?ed from Jones and Silberling (1979). 
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subduction assemblage of flysch, which is mainly of 
Cretaceous age. The melange is polygenetic and may 
have been accreted in several successive Mesozoic 
events. The Prince William terrane crops out in the 
southeast part of the Anchorage Quadrangle and is 
separated from the Chugach terrane by the Contact fault 
(fig. 1). The Prince William tenane is a thick sequence 
of flysch and minor mafic volcanic rocks of Paleocene 
and Eocene age, which locally is intruded by plutons of 
Eocene(?) and Oligocene ages. 

PENINSULAR TERRANE 

INTRODUCTION 

The Peninsular terrane crops out in the northern and 
northwestern part of the quadrangle and is composed 
largely of the volcanic and plutonic rocks of a Jurassic 
island arc with associated minor Jurassic sedimentary 
rocks (Detterman and Hartsock, 1966; Barker and Grantz, 
1982; Bums, 1985). Very thick sequences of sedimen- 
tary rocks of Cretaceous and Tertiary age and volcanic 
rocks of Tertiary age have been deposited on top of and 
adjacent to the Jurassic arc rocks. Plutonic rocks of Cre- 
taceous and early Tertiary age intrude the Jurassic island 
arc rocks. 

The Border Ranges fault denotes the location of the 
southern boundary of the Peninsular terrane and is part 
of the Border Ranges fault system. This fault system 
forms a zone up to about 12 km wide, which is typically 
centered around the Border Ranges fault and is com- 
posed of many closely spaced, high-angle faults. In the 
Anchorage Quadrangle, the Border Ranges fault system 
has a composite history. It formed as a subduction thrust 
with underthrusting from the south in Cretaceous time 
(Pavlis, 1982). In Paleogene time, the Border Ranges 
fault system was reactivated as an oblique-slip bound- 
ary with an aggregate dextral offset of several tens of 
kilometers (Little and Naeser, 1989; Little, 1990). 

The Peninsular terrane is subdivided by the Castle 
Mountain and Caribou fault systems in the Anchorage 
Quadrangle (fig. I). Movement along these fault systems 
has been oblique, the strike-slip motion being right- 
lateral, and the dip-slip component being up on the north 
side (Grantz, 1966; Fuchs, 1980). 

ROCKS BETWEEN THE BORDER RANGES 
AND CASTLE MOUNTAIN FAULTS 

The oldest rocks of the Peninsular terrane crop out 
between the Castle Mountain and the Border Ranges 
faults. Five main belts of rock of Jurassic or older age 
crop out between the Border Ranges and the Castle 

Mountain faults (sheet 2). The trend of the belts follows 
the oroclinal bend of the Chugach Mountains. Although 
extensive faulting during Cretaceous and Tertiary time 
complicated the plan map, a cmde stratigraphy of the 
magmatic arc is preserved. This stratigraphy, viewed 
from south to north, reflects the sequential formation of 
a Jurassic magmatic arc and its sedimentary cover. The 
most southerly and oldest belt is composed of diverse 
metasedimentary and metavolcanic rocks and includes 
marble of Permian age (Clark, 1972). These metamorphic 
rocks crop out in discontinuous fault-bounded slices near 
the Border Ranges fault and form the basement for the 
arc (Pavlis, 1983). The rocks are intruded almost 
everywhere they are exposed by trondhjemite dikes and 
plutons of Cretaceous age. Ultramafic and mafic plutons 
of Jurassic age, which compose the plutonic core of the 
arc, form the second belt and also locally intrude these 
metamorphic rocks (Burns and others, 1991).This second 
belt includes the Nelchina River Gabbronorite and the 
Wolverine and Eklutna bodies (sheet 2). To the north, 
structurally fragmented plutons of diorite, quartz diorite, 
and tonalite of Jurassic age (the third belt) locally intrude 
volcanic rocks of the Talkeetna Formation (the fourth 
belt), which are in turn overlain by sedimentary and 
volcanic rocks of Jurassic, Cretaceous, and Tertiary age 
(the fifth belt). 

Metasedimentary and metavolcanic 
rocks (Jurassic metamorphic age) 
intruded by trondhjemites (Cretaceous) 

A discontinuous belt of metamorphic rock, 
dominantly schist and amphibolite, crops out near the 
Border Ranges fault and is intruded by dikes and plutons 
of trondhjemite, tonalite, and minor diorite of Cretaceous 
age. The metamorphic and intrusive rocks are combined 
as unit KJtm on sheet 2. The metasedimentary and 
metavolcanic rocks are in the greenschist to amphibolite 
facies and consist largely of siliceous, pelitic, and mafic 
schist, amphibolite, and minor marble. Carden and 
Decker (1977) named the metamorphic rocks near the 
Eklutna body the "Knik River schist terrane" and reported 
a Jurassic K-Ar date (173 + 7 Ma) on metamorphic 
actinolite. The protolith age is considered to be pre-Jurassic; 
the rocks will be referred to herein as Jurassic 
metamorphic rocks. This belt of rocks can be traced 
discontinuously eastward across the Anchorage 
Quadrangle to the Nelchina Glacier. The metamorphic 
rocks may correlate with the Haley Creek metamorphic 
assemblage of the eastern Valdez Quadrangle (Winkler 
and others, 1981; Plafker and others, 1989). In the 
Anchorage Quadrangle the metamorphic rocks are intruded 
by gabbroic rocks and quartz diorites of Jurassic age. 
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Magnetic susceptibility of the metamorphic rocks 
in the Anchorage Quadrangle has not been determined. 
The amphibolites may have moderate magnetic 
susceptibility, although no specific positive anomalies 
correlate with the metamorphic rocks. Magnetic 
susceptibility was determined for two samples of the 
Skolai Group (similar to the Haley Creek terrane) from 
the Valdez Quadrangle, and relatively high values were 
measured (0.004 and 0.007 cgs units; Case and others, 
1986). 

Most of the trondhjemite plutons crop out near the 
Wolverine body; however, dikes of trondhjemite are 
common almost everywhere the metamorphic rocks are 
present. Near the Wolverine body the trondhjemite is 
thought to intrude rocks of the Chugach and Peninsular 
terranes. These plutons have been dated at 103-135 Ma 
(Pavlis, 1982; 1983; Winkler, 1992). The trondhjemite- 
tonalite plutons contain some minor hornblende diorite 
near pluton margins (Monteverde, 1984). Most of the 
rocks are hornblende-biotite tonalite and biotite 
trondhjemite (Monteverde, 1984). The plutons are non- 
magnetic. 

Ultramafic and mafc plutonic 
rocks (Jurassic) 

A discontinuous belt of ultramafic and mafic 
plutonic rocks of Jurassic age crosses the Anchorage 
Quadrangle (Burns, 1985) and includes the Ekluma and 
Wolverine bodies, the Nelchina River Gabbronorite, and 
several small unnamed bodies in fault slivers (units Jum 
and Jg, sheet 2). 

The Ekluma and Wolverine bodies are composed 
dominantly of ultramafic rocks, including dunite, 
chromititic dunite, clinopyroxenite, and minor websterite, 
harzburgite, and gabbronorite (Rose, 1966; Clark, 1972; 
Burns, 1985; Newberry, 1986). The exposed Ekluma 
body is about 15 km long and 2-3 km wide; analysis of 
the aeromagnetic data in this report suggests that the 
Eklutna body continues about 15 km farther to the 
northeast under the alluvial deposits of the Knik River 
Valley. Road cuts made in the late 1980s indicate gabbroic 
rocks crop out northwest of the Eklutna body. The 
Wolverine body is about 11 km long, 3 km wide, and 
contains interlayered (intrusive?) gabbroic rocks among 
the ultramafic rocks. No magnetic susceptibility 
measurements have been made on the rocks from either 
body; associated magnetic anomalies do indicate that the 
rocks are relatively magnetic. 

The Nelchina River Gabbronorite (Burns, in press) 
crops out in the eastern part of the Anchorage Quad- 
rangle and continues eastward into thevaldez Quadrangle 
where it was referred to as the Tazlina complex by 

Winkler and others (1981). Total length of the body is at 
least 180 km. This unit (Jg) causes the highest ampli- 
tude magnetic and gravity anomalies in the Anchorage 
and Valdez Quadrangles. Although the eastern third of 
the body (located in the Valdez Quadrangle) is not ex- 
posed, aeromagnetic data suggest the body in that area 
is overlain by only a very thin cover (Winkler and oth- 
ers, 1981; Case and others, 1986). 

The Nelchina River Gabbronorite varies in outcrop 
width from 2 to 10 krn, and consists dominantly of 
gabbronorite, leucogabbronorite, and magnetite 
gabbronorite, but contains minor dioritic, tonalitic, and 
ultrarnafic rocks. Six K-Ar isotopic ages for these rocks 
from the Anchorage and Valdez Quadrangles are Juras- 
sic (Winkler and others, 1981; Plafker and others, 1989; 
Winkler, 1992). Gabbroic rock, peridotite, dunite, and 
diorite of this complex have susceptibilities that are as 
much as 0.0174 cgs units. Magnetic susceptibilities of 
53 out of 59 samples had values greater than 0.001 cgs 
units (fig. 2) (Case and others, 1986). 

Other fault-bounded bodies composed of gabbroic 
with lesser dioritic and(or) quartz dioritic rocks crop out 
between the Nelchina River Gabbronorite and the Wol- 
verine body. These bodies are shown on sheet 2 also as 
unit Jg. 

Plutonic rocks of intermediate 
composition (Jurassic) 

Discontinuous outcrops of intermediate plutonic 
rocks occur in the northern Chugach Mountains and 
consist of quartz diorite and tonalite with lesser gabbroic 
rocks, diorite, granodiorite, and trondhjemite (combined 
as unit Jqd). Many of the bodies are composed of 
complexly intermixed rocks of various types. Other 
plutons consist of quartz diorite and tonalite which are 
densely laced with mafic dikes of unknown age; the 
dikes are up to 1.5 m wide. When the dikes form from 
one-fourth to one-half the exposed body, the unit is 
shown as Jqdd. More than 20 K-Ar dates of the quartz 
diorite and tonalite from this Chugach belt in the 
Anchorage Quadrangle have Jurassic ages (Hudson, 
1979; Winkler and others, 1981; Bums and others, 1991; 
Winkler, 1992). The quartz diorite and tonalite intrude 
the Jurassic metamorphic rocks, Jurassic gabbroic rocks, 
and the Takeetna Formation. 

No susceptibilities have been measured for quartz 
diorite-tonalite (Jqd) or the dike rocks from unit Jqdd. 
Some of the quartz diorite (unit Jqd) is associated with 
moderate to high positive aeromagnetic anomalies. It is 
Burns's opinion that the intermediate plutonic rocks are 
only weakly magnetic and that the magnetic signature is 
coming from either (1) abundant gabbroic rocks within 
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Talkeetna Fm. Nelchina River Gn. 

Figure 2. Magnetic susceptibilities of volcanic rocks in the Talkeetna Formation and Jurassic 
gabbroic rocks from the Peninsular terrane (modifiedfrom Case and others, 1986). 

the quartz diorite, (2) gabbroic rocks at the base of the 
quartz diorite as noted in the field, or (3) the dense 
network of mafic dikes. Petrographic study of more than 
350 thin sections indicates that little to no iron-oxide 
minerals are present in the quartz diorites and tonalites, 
and much magnetite is present in the gabbroic rocks. 
Additionally, extreme topography, complex intrusive 
relationships, poor exposure, and extreme deformation 
make identification of rock type very difficult in the 
intrusive rocks. It is possible that much of the rock 
mapped as quartz diorite could be mismapped. 
Alternatively, but less favored by Burns, the quartz diorite 
could be magnetic. 

Volcanic rocks (Jurassic and Triassic?) 

The Talkeetna Formation of mainly Early Jurassic 
age is a thick sequence of basaltic, andesitic, and dacitic 
flows and tuffs, and minor volcanogenic, marine sedi- 
mentary rocks. The formation (unitnv) crops out in the 
northern part of the Chugach Mountains and in the south- 
em Talkeetna Mountains (Csejtey and others, 1978; 
Winkler, 1992) and extends eastward into the Valdez 
Quadrangle as far as the Richardson Highway (Winkler 
and others, 198 1). 

The magnetic signature of the Talkeetna Formation 

is extremely variable. Case and others (1986) reported 
magnetic susceptibilities from 11 samples of the 
Talkeetna Formation. The susceptibilities ranged from 
nearly zero to 0.0054 cgs units, with six samples having 
values greater than 0.001 cgs units (fig. 2). 

Sedimentary rocks (Jurassic, 
Cretaceous, and Tertiary) 

Sedimentary rocks of early Tertiary, Cretaceous, and 
Jurassic ages generally crop out in and on both sides of 
the Matanuska Valley. The Eocene and Paleocene 
Chickaloon and the Cretaceous Matanuska Formations 
are the most widespread sedimentary units; otherTertiary 
and Jurassic units are present also (Winkler, 1992). These 
sedimentary rocks consist dominantly of conglomerate, 
sandstone, siltstone, and shale, and are basically 
nonmagnetic. Hence, these units are undifferentiated on 
the map and are treated as a single unit (TJs). 

Hypabyssal intrusive rocks 
(Jurassic(?) - Tertiary) 

Hypabyssal dikes and plugs of basaltic to dacitic 
composition (unit Ti) intruded both the Chugach and 
Peninsular terrane rocks in Eocene time (Winkler and 
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others, 1981; Silberman and Grant., 1984) and repre- 
sent one of the last intrusive episodes in the northcentral 
Chugach M0untains.A few small dikes of lamprophyric 
composition cut across the structure and stratigraphic 
units of the map area. These dikes are probably related 
to extensive Tertiary volcanism in the Talkeetna Moun- 
tains to the north (Csejtey and others, 1978). The dikes 
also yield Eocene ages (Silberman and Grantz, 1984). 

Some of the more mafic plugs, the basaltic and gab- 
broic rocks, are moderately magnetic and form small 
positive anomalies (unitTJds). Because of the map scale, 
few of the mafic plugs and dikes are shown on sheet 2; 
more are shown by Winkler (1992). Age of this unit is 
uncertain (Winkler, 1992). Profile C-C' (sheet 2) crosses 
a small anomaly (area 7A) which is probably caused by 
a moderate sized (5 km2) plug of this basalt or gabbro. 
A small body of unit TJds and five or six smaller bodies 
of unit Ti (not shown on sheet 2) are present within this 
anomaly ( W i i e r ,  1992). Similar anomalies in and near 
the Matanuska Valley are probably caused by similar 
mafic intrusions. 

ROCKS NORTH OF THE CASTLE 
MOUNTAIN-CARIBOU FAULTS 

Jurassic plutonic and amphibolite-grade meta- 
morphic rocks are widespread north of the Castle 
Mountain fault in the Talkeetna Mountains, but they 
differ in lithology from correlative rocks of the Jurassic 
arc in the northern Chugach Mountains. The plutonic 
rocks in the southern Talkeetna Mountains are 
intermediate-to-silicic composition, and the amphibolite 
is relatively uniform, weakly foliated, and intricately 
intermixed with quartz diorite and trondhjemite. Locally, 
coarsely-crystalline marble and biotite-quartz-feldspar 
gneiss are intercalated with the amphibolite and plutonic 
rocks. Pelitic schist (unit Jps), of probable Jurassic age 
and unknown correlation, is present in the southwestern 
Talkeetna Mountains and is considered to be 
nonmagnetic. Volcanic and sedimentary rocks of the 
Talkeetna Formation are common in the eastern area, 
and are overlain by Middle and Upper Jurassic, and 
Cretaceous marine sedimentary rocks, particularly 
between the Castle Mountain and Caribou faults. The 
Mesozoic sequences are intruded by Late Cretaceous 
or early Tertiary plutons and are overlain unconformably 
by 2,000 m or more of nonmarine sedimentary and 
volcanic rocks of Tertiary age. 

Plutonic rocks (Jurassic, 
Cretaceous, and Tertiary) 

plutons of Jurassic age are present in the Talkeetna 
Mountains in thehchorage Quadrangle ( W i e r ,  1992), 
including quartz diorite (Jqd), granodiorite (Jgd), and 
trondhjemite (Jt). Of the three types, trondhjemite (Jt) is 
the least magnetic; the quartz diorite is moderately 
magnetic. The granodiorite is presumably weakly to 
moderately magnetic; the aeromagnetic pattern of the 
granodiorite is indistinguishable from that formed over 
the adjacent moderately magnetic Talkeetna Formation 
volcanic rocks. 

An additional Jurassic unit containing intimately 
mixed amphibolite, quartz diorite, and trondhjemite has 
been mapped separately (Jma) between the Little Susitna 
and Kings Rivers. Magnetization in these rocks is 
variable, but generally weak. 

A few small serpentinized ultramafic bodies (Kum) 
are present in the pelitic schist unit (Jps) in the south- 
west part of the Talkeetna Mountains. No attributable 
magnetic anomaly is present over any exposed ultrama- 
fic bodies. TWO small positive anomalies in the area may, 
however, suggest buried ultramafic bodies or may be 
caused instead by Tertiary hypabyssal intrusives dis- 
cussed above (unit Ti). 

Three large, intermediate-to-silicic composition 
plutons of Late Cretaceous and Early Tertiary age are 
present in the southwestern part of theTalkeetna Moun- 
tains. The aeromagnetic signature over this area indicates 
the plutons differ in composition; independent geologic 
mapping in the Willow Creek area and compositional 
data also indicate that plutons of very different compo- 
sitions are present (R.J. Newbeny, unpub. data, 1989). 
According to Newberry, the pluton on the east is a quartz 
diorite-tonalite (unit TKt), and the central pluton is a 
quartz monzonite (unit Kw), a relatively low-silica rock 
type (Streckeisen, 1976). The westernmost of the three 
plutons is a granite (unit TKg) (Csejtey and others, 
1978). 

K-Ar ages of 79-72 Ma for the quartz monzonite 
pluton (unit Kw) indicate that it is older than the 
adjacent plutonic units (TKt and TKg), which have 
K-Ar ages of 67-65 Ma (Csejtey and others, 1978; 
Winkler, 1992). The quartz monzonite is host to most 
of the lode gold mines of the Willow Creek mining 
district, the most significant mining district in the 
Anchorage Quadrangle (Ray, 1954; Madden-McGuire 
and others, 1988). 

Magnetic susceptibilities from these plutonic units 
have not been measured. Based on the aeromagnetic map, 
the magnetic susceptibility of both the granite and the 
tonalite-quartz diorite is low, and the magnetitic 
susceptibility of the quartz monzonite (the central pluton) 
is moderate. 

Three different types of intermediate-to-silicic 
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Sedimentary rocks (Jurassic, 
Cretaceous, and Tertiary) 

Tertiary, Cretaceous, and Jurassic sedimentaq rocks 
also are present north of the Castle Mountain fault, but 
are all nonmagnetic, and are combined on the geologic 
base map as unit TJs. 

However, metavolcanic rocks within the McHugh 
Complex and Valdez Group in the Anchorage Quadrangle 
have virtually no magnetic expression. 

The Miners Bay pluton, which consists of an older 
mafic phase (Tm) intruded by granite (Tg) intrudes the 
Valdez Group immediately north of the Contact fault. 
Despite the presence of pyrrhotite in the mafic phase, it 
has no magnetic signature. 

Volcanic rocks (Tertiary) 
PRINCE WILLIAM TERRANE 

Tertiary volcanic rocks (unit Tv) of Miocene(?) to 
Paleocene age (Csejtey and others, 1978) are present in 
the Tallceetna Mountains and consist of flows, domes, 
dikes, and pyroclastic rocks of dominantly basaltic and 
rhyolitic composition. Minor andesite and dacite also are 
present. The magnetic susceptibility of these rocks has 
not been measured, but is probably moderately high in 
the basaltic rocks and low in the rhyolitic rocks. 

CHUGACH TERRANE 

The Chugach terrane is composed of the McHugh 
Complex (unit Mzm) (Clark, 1973) and the Valdez 
Group (unit Kv). These units are separated by the Eagle 
River thrust fault, which placed the Valdez Group 
relatively northward beneath the McHugh Complex. In 
the Anchorage Quadrangle, the McHugh Complex is 
composed of argillite, gray-green metatuff, marble, 
graywacke, conglomerate, chert, pillow basalt, and 
thinly interlaminated gray and green phyllite. Commonly 
these lithologies are juxtaposed within a melange fabric. 
The McHugh Complex probably formed in Jurassic and 
Cretaceous time (for example, Bums and others, 1991; 
Winkler, 1992). In the Anchorage Quadrangle, the 
Valdez Group consists predominantly of low-grade 
metagraywacke, argillite, phyllite, and very minor mafic 
metatuff. The Valdez Group is interpreted to be 
Cretaceous in age (for example, Winkler, 1992). 

Qpical sedimentary and metasedirnentary rocks of 
the McHugh Complex and Valdez Group have very low 
magnetic susceptibilities. Figure 3, modified from Case 
and others (1986), shows the susceptibilities of 3 1 typical 
metasedimentary rocks in the Chugach terrane from the 
Valdez Quadrangle. Similar low values, typically less 
than 0.0001 cgs units, were reported from correlative 
rocks in the Seward and Blying Sound Quadrangles by 
Case and others (1979). Their low magnetization is 
reflected by the near absence of magnetic anomalies. The 
metavolcanic rocks of the McHugh Complex andvaldez 
Group are moderately magnetic; susceptibilities of m&c 
rocks from the Seward and Blying Sound Quadrangles 
are as much as 0.004 cgs units (Case and others, 1979). 

The Prince William terrane is composed of the Orca 
Group (unit To), a thick, complexly deformed sequence 
of ensimatic flysch of Eocene and Paleocene age. The 
Prince William terrane is in fault contact with thevaldez 
Group of the Chugach terrane along the Contact fault. 
The rocks are dominantly monotonous sequences of 
sandstone, siltstone, and mudstone, but near Miners Bay, 
massive conglomerate about 1,000 m thick crops out, 
and basaltic flows, pillow breccia, and tuff are 
interbedded with flysch (Nelson and others, 1985). Rocks 
of the Prince William terrane in the Anchorage Quad- 
rangle are dominantly nonmagnetic. The Orca Group is 
intruded by small biotite granite and grandorite plu- 
tons of probable Oligocene age. These plutons appear to 
be nonmagnetic. 

INTERPRETATION OF THE 
AEROMAGNETIC MAP 

The surveys were flown using "drape flying" at an 
attempted constant altitude of 1,000 ft  above the topo- 
graphic surface. Actual flight elevations were 
approximately 1,000 ft over ridge crests and lakes, but 
over the narrow, deep glacial valleys in the central and 
southern parts of the quadrangle, the aircraft flew at a 
height greater than 1,000 ft. No large anomalies appear 
to have resulted from the variation in elevation. How- 
ever, magnetic lows and highs should be checked for 
possible topographic effects. Detailed discussions of 
apparent anomalies produced from variations in eleva- 
tion have been presented by Griscom (1975) and Case 
and others (1979). 

We prepared a generalized interpretive map 
(sheet 2) from analysis of the aeromagnetic map 
(sheet 1) in combination with geologic maps (Bums and 
others, 1991; Winkler, 1992). Subjective boundaries 
have been drawn around most of the major magnetic 
anomalies or groups of anomalies, generally along 
steepened magnetic gradients. These areas are 
interpreted in terms of the associated rocks that probably 
cause the anomalies. 
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Sedimentary rocks 
- McHugh Complex & Valdez Group 

Figure 3. Magnetic susceptibilities of metasedimentary rocksfrom the Chugach terrane from the 
Valdez Quadrangle (modzfiedfrorn Case and others, 1986). 

ANOMALIES OF THE 
PENINSULAR TERRANE 

ANOMALIES BETWEEN THE BORDER 
RANGES FAULT AND THE CASTLE 
MOUNTAIN-C ARIBOU FAULTS 

Areas 1A-B, 1C and 2A-D, 2M 

The aeromagnetic signature between the Border 
Ranges and the Castle Mountain-Caribou faults is dorni- 
nated by positive anomalies formed by ultrarnafic and 
mafic plutonic rocks (areas 1A-B, 2A-D, and 2M). The 
anomalies follow the oriclinal bend of the northern 
Chugach Mountains and are immediately north of or 
within about 2 km of the Border Ranges fault for a dis- 
tance of over 1,000 km (Fisher, 1981). Where large 
bodies of the ultramafic and gabbroic rocks are present 
along thls belt, the anomalies are typically smaller (about 
500- 1,000 gammas in amplitude) near the Border Ranges 
fault, increase to a larger anomaly (about 1,500 gammas 
in amplitude) toward the north and northwest, and then 
gradually drop to the north and northwest. In this case, 
the lower amplitude anomalies near the Border Ranges 
fault correspond to ultrarnafic rocks (the Eklutna body, 
area lA), small bodies of gabbroic rock adjacent to an 

ultramafic body (the Wolverine body, area lB), or very 
sheared gabbroic rocks (areas 4E and F). The large posi- 
tive values to the north are probably due to gabbroic rocks 
with lesser quartz diorites and possibly some ultrarnafic 
rocks (areas 2A-D and 2M). The asymmetry and gradual 
decrease in values to the north and northwest of these 
anomalies suggests, as does modeling discussed below, 
that the upper surface of the gabbroic rocks dips shal- 
lowly to the north and northwest. 

The aeromagnetic anomaly shows that the Eklutna 
body trends to the northeast under the Knik River Valley 
15 km farther than the body is exposed (area 1A). This 
extended anomaly suggests that more dunite, wehrlite, 
and clinopyroxenite exists in the area than was previ- 
ously known. The Eklutna body may even have originally 
c o ~ e c t e d  with the Wolverine body (near area lB), but 
is now separated by the Jurassic metamorphic rocks and 
nonmagnetic trondhjemites of Cretaceous age (area 4B) 
and by Tertiary faults. Asmall positive anomaly (area 1C) 
may be caused by a small westward extension of the 
Eklutna body. 

Gabbroic rocks are exposed in the southern and 
eastern portions of area 2C and are exposed extensively 
in area 2D. The positive aeromagnetic anomaly 
(area 2C), about 8 km northwest of the Wolverine body, 
is caused by gabbroic rocks with intermixed quartz 
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diorites. The anomaly of area 2M is probably formed 
from gabbroic rocks (with some intermixed quartz 
diorites) that are deeper than those in areas 2B-2D. The 
aeromagnetic high under Duck Flats (area 2B) northwest 
of the Eklutna body is also interpreted here to be formed 
by gabbroic rocks with lesser intermixed quartz diorites 
(see profile B-B' discussion). Grantz and others (1963) 
referred to the positive anomaly over Duck Flats as the 
Knik Arm anomaly and concluded it was caused by 
unexposed plutons. 

Area 3 

A small aeromagnetic trough (area 3) traceable for 
at least 65 km occurs between anomalies 1A-B (Ekluma- 
Wolverine) and 2B-C (Duck Flat-King Mountain area). 
The rocks in this area are a faulted sequence of plutonic 
rock of Jurassic age (units Jqd and Jg) and a mixed unit 
of metamorphic rock and trondhjemite of Jurassic and 
Cretaceous ages respectively (unit KJtrn). In this area, 
the gabbroic rock is intruded by many dikes of quartz 
diorite, which might produce a low magnetic signature. 
Magnetization of the rocks associated with this anomaly 
is low to moderate and probably varies along its length; 
the magnetic signature is mainly the result of the two 
bordering highs formed by the belts of ultramafic and 
mafic plutonic rock. The geologic units under the aero- 
magnetic trough could continue at the southwest end 
under eastern Anchorage. 

Area 4A4F 

A steep aeromagnetic grahent that increases to the 
north or northwest typically occurs immediately north 
of the Border Ranges fault (Fisher, 1981). Locally, the 
steepened gradient is absent or displaced farther to the 
north. In the Anchorage Quadrangle the rocks underly- 
ing these relatively magnetically subdued areas just north 
of the fault trace vary along the length of the fault; in 
general, the rocks causing this signature appear to be 
weakly to nonmagnetic. Anomaly 4A is largely covered 
by alluvium, but a few outcrops of Jurassic metamor- 
phic rock (unit KJtm) are exposed. The geophysical 
signature of area 4B, caused by the same unit of meta- 
morphic rock and trondhjernite dikes (unit KJtm), is 
similar to that of area 4A. Western extrapolation of the 
geology of area 4B suggests that anomaly 4A is caused 
by the metamorphic rocks, which may also be intruded 
by trondhjemites in the Anchorage area. 

A small aeromagnetic low (area 4C), that is farther 
from the fault trace than the other anomalies included 
with area 4, is included here because of its location and 
the fact that its source could be from a small nonmagnetic 

pluton (such as trondhjemite). However, a more likely 
explanation is that there is a topographic effect because 
the anomaly is centered over a small, steep-walled cirque 
valley. A reversely magnetized pluton of probable 
Tertiary age could also cause the anomaly (Andrew 
Griscom, written cornrnun., 1992). 

Area 4D is underlain by Talkeetna Formation, Ter- 
tiary sedimentary rocks, and sheared Jurassic plutonic 
rocks. TheTertiary sedimentary cover is probably not thlck. 

Area 4E is sedimentary rocks (TJs) that are prob- 
ably underlain by sheared gabbroic rocks (Pessel and 
others, 1981; Bums and others, 1991). 

Area 4F is underlain by sheared gabbroic rocks and 
the same Jurassic metamorphic rock unit (KJtrn) that is 
present in areas 4A and 4B. In area 4F, trondhjemite dikes 
are also present with the metamorphic rocks. 

Areas 5 and 6A-D 

Other regions of positive anomalies in the northern 
Chugach Mountains and vicinity are caused by a fault- 
bounded pluton of quartz diorite with a particularly 
dense network of mafic dikes (unit Jqdd; area 5) and 
the Talkeetna Formation (areas 6A-D). The pluton has a 
high positive anomaly (almost 1,000 gammas total 
amplitude), which may be caused by the mafic dikes. 
The anomaly may also be due in part to (1) topographic 
effects, (2) being underlain at very shallow depths by 
more maftc plutonic rock (which was observed in the 
field), and (3) the contrast in susceptibility with 
surrounding rocks. The southwestern edge of the pluton 
is a high-angle fault that is reflected by a very steep 
aeromagnetic gradient. 

The Talkeetna Formation crops out both in the north- 
ern Chugach Mountains and in the southern Talkeetna 
Mountains. The aeromagnetic signature of the exposed 
Talkeema Formation in these areas is composed of small, 
irregularly-shaped, positive anomalies of 500 to 
700 gammas amplitude (areas 6A, 6B, and 6C).Aquartz 
diorite containing many mafic dikes, similar to the plu- 
ton causing anomaly 5, is also present in area 6A. Lesser 
positive anomalies in the eastern half of area 6A may be 
caused by small, shallow mafic intrusions of probable 
Tertiary age, as described for area 7 below. Although 
sedimentary rocks are mainly exposed in area 6D, the 
aeromagnetic signature is similar to that formed over the 
Talkeetna Formation volcanic rocks and suggests that 
Talkeetna Formation probably underlies the sedimentary 
rocks at shallow depths. 

Area 7A-J 

Small intrusions, probably of moderately magnetic 
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Tertiary basalt or gabbro (unit TJds), are present in and 
near the Matanuska Valley and form small positive 
anomalies (up to 600 gammas; areas 7A-J) in an other- 
wise smooth aeromagnetic pattern. These are most 
common in the eastern part of thehchorage map (areas 
7A-F); one of the anomalies is crossed by profile C-C', 
discussed below, and was modeled as a small magnetic 
body. Similar anomalies (areas 7G-J) suggest that slightly 
deeper, but equivalent intrusions may occur discontinu- 
ously across thehchorage Quadrangle at about the same 
latitude. Anomaly 75 differs from the others because it 
forms a linear anomaly instead of a bull's-eye shape; 
alternatively, the anomaly from 75 could form from older 
magnetic plutonic or volcanic rocks at depth. 

Areas 8A-C and 9A-D 

The aeromagnetic signature of the Matanuska Val- 
ley and Cook Inlet is due to a nonmagnetic sedimentary 
cover which is underlain by the variably magnetized 
Talkeetna Formation. The Talkeetna Formation is prob- 
ably underlain by gabbroic and other plutonic rocks. This 
moderate-to-deep magnetic basement forms a relatively 
smooth aeromagnetic pattern. The aeromagnetic pattern 
suggests that the sedimentary cover ranges from thin 
(about 2 km; areas 8A-C) to thicker sequences (areas 
9A-D). The aeromagnetic signature of areas 8A-C and 
8B is generally 100 to 200 gammas higher than the sig- 
nature of area 9 and is also composed of shorter wave- 
length anomalies, suggesting the depth to the magnetic 
basement is less in areas 8A-C and 8B than in areas 9A-D. 

Areas 10A, B 

I b o  negative aeromagnetic anomalies (areas IOA, 
B) are present just south of the northeastern trace of the 
Caribou fault. These irregularities suggest either shear- 
ing and alteration of the rocks surrounding the fault zone, 
and(or) thick sedimentary rocks in this area. 

ANOMALIES NORTH OF THE CASTLE 
MOUNTAIN-CARIBOU FAULTS 

Positive and negative "bird's-eye" aeromagnetic 
anomalies (up to 700 gammas) are caused by Tertiary 
volcanic rocks (unit Tv) over area 11. These anomalies 
cover small areas (typically 3 km2) and are spaced 2 to 
3 km apart. The high variability in magnetic signature is 
typical of volcanic rocks. The variations may be 
accentuated here because of the bimodal basalt-rhyolite 
nature of this rock suite and the probability of reversed 

remnant magnetization in the sequence. Anomaly 11 
and the Tertiary volcanic rocks extend northward into 
the Talkeetna Mountains Quadrangle (Csejtey and 
Griscom, 1978). 

Area 12 

Although positive anomaly 12 is underlain by a va- 
riety of rock types, the aeromagnetic signature is probably 
dominated by the Talkeetna Formation volcanic rocks 
(unit mv). Many of the rocks in the area are also in- 
truded with numerous mafic dikes, which may contribute 
much of the anomaly. Tertiary sedimentary rocks (unit 
TJs) crop out in two large areas within anomaly 12. Here 
the aeromagnetic anomaly is subdued slightly, which 
coupled with the geologic map ( W i e r ,  1992) suggests 
that the Talkeetna Formation is probably present at shal- 
low depths beneath the Arkose Ridge Formation in this 
area The Jurassic granodiorite in the northern part of 
area 12 produces an aeromagnetic signature that is not 
easily discernible from the signature of the adjacent 
Talkeema Formation, and hence is not distinguished on 
sheet 2. The granodiorite is more extensive to the north, 
in the Talkeetna Mountain Quadrangle. There the 
anomaly is more distinct than the anomaly produced by 
theTalkeetnaFormation in area 12. Csejtey and Griscom 
(1978) interpreted the anomaly over the granodiorite as 
the result of the moderately magnetic plutonic rock. 

Area 13 

The Jurassic quartz diorite exposed in the Talkeetna 
Mountains, like that present in the Chugach Mountains, 
is weakly magnetic. The aeromagnetic pattern formed 
from most of the Jurassic quartz diorite around area 13 
is almost featureless but contains small amplitude (typi- 
cally < 70 gammas), positive and negative anomalies 
that are spaced about 5 km apart. Topographic valleys 
show up clearly as lows within the anomaly. 

Area 14 

A slightly negative aeromagnetic anomaly with a 
very flat gradient (area 14) overlies two Jurassic plutons. 
The plutons are composed of trondhjemite (unit Jt), and 
a mixture of amphibolite, quartz diorite, and trondhjemite 
(Jma). The total anomaly has less than 50 gammas relief. 
The anomaly extends to the north, where it was 
interpreted as an expression of trondhjemite by Csejtey 
and Griscom (1978). Magnetic susceptibility of the 
trondhjemite unit is probably extremely low; the 
magnetic susceptibility of the amphibolitequartz diorite- 
trondhjernite unit is unknown and probably variable. The 
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aeromagnetic anomaly suggests either that the 
amphibolite-quartz dorite-trondhjemite unit is a thin cap 
which overlies a large trondhjemite body or the 
magnetization of this unit is also very low in h s  area. 

Area 15 

The aeromagnetic anomaly over area 15 is formed 
from a weakly-to-moderately magnetic tonalite-quartz 
diorite of Early Paleocene and Late Cretaceous age (unit 
TKt). The pattern is similar to the pattern caused by the 
Jurassic quartz diorite of area 13. 

Area 16A, B 

Two areas with similar positive anomalies (500 to 
700 gammas) which largely follow ridgelines lie over 
different rock types; area 16A lies over quartz 
monzodiorite (Kw) and area 16B lies over arnphibolite 
and quartz diorite (unit Jma). The pattern is suggestive 
of moderate magnetization. Both areas are surrounded 
by areas of low-to-moderate magnetization. The 
anomaly for area 16B suggests that part of the Willow 
Creek pluton (Kw) may either underlie (intrude) the 
arnphibolite/plutonic unit at a shallow depth, or may 
form part of the amphibolite/plutonic unit as mapped. 
Importantly, these anomalies also overlie the locations 
of the gold prospects and small-scale lode mines of the 
Willow Creek mining district (Ray, 1954). Inasmuch as 
the Willow Creek pluton is associated with the gold de- 
posits, its distinctive aeromagnetic signature may aid in 
outlining possible extensions to the district that merit 
exploration. 

Areas 17A, B 

Two very small aeromagnetic lows (areas 17A and 
17B) are present along a fault southwest of the moderate 
positive anomalies of areas 16A and 16B, and probably 
represent sheared rock. 

Area 18 

Anomaly 18 is composed of moderate highs over 
the ridges (typically 150 gammas amplitude), and lows 
over the valleys. The bedrock is granite of Early 
Paleocene or Late Cretaceous age (unit TKg) and is non- 
to-weakly magnetic. The aeromagnetic pattern caused 
by the body contrasts sharply with the anomalies to the 
east and west caused by more magnetic rocks. The low 
values extend a short distance northward into the 
Talkeetna Mountains Quadrangle, where Csejtey and 
Griscom (1978) interpreted the source as granite. 

Areas 19A, B 

A large area in the northwest comer of the Anchor- 
age Quadrangle forms an aeromagnetic plateau of about 
750 gammas amplitude (areas 19A,B). Small peaks of 
an additional 750 gammas amplitude are present on the 
plateau. The high is probably formed by Tertiary volca- 
nic rocks, that are covered within the anomalous area. 
The high continues to the northwest into the Talkeetna 
Quadrangle, where Griscom (1979) has interpreted the 
anomaly as forming from covered Tertiary volcanic 
rocks, which he thought to be almost lying flat. 

Areas 20A-C 

A linear aeromagnetic low (750 gammas in ampli- 
tude; area 20A) trends west-northwest across the 
presumed Tertiary volcanic rocks. The low is probably 
caused by a large dike or series of plutons, possibly 
formed along an old block-faulted surface or by reversely 
magnetized volcanic rocks. Three circular aeromagnetic 
lows are present in the southeastern corner of the 
Talkeetna Quadrangle to the northwest and are presum- 
ably related to area 20. Griscom (1979) interpreted these 
anomalies as produced by reversely magnetized volca- 
nic rocks. 

Small lows shown as areas 20B and 20C are present 
southwest of area 20A. These lows are surrounded by 
the positive magnetic high discussed above as area 19B. 
Although the lows of 20B and 20C could form from vari- 
ability in the rocks forming anomaly 19B, the lows 
probably formed by reversely magnetized plutonic or 
volcanic rocks. 

Area 21 

The edge of a moderately large aeromagnetic high 
(area 21) with steep gradients is shown on the northern 
edge of the map. Most of the anomaly is present in the 
Talkeetna Mountains Quadrangle, and has been 
interpreted by Csejtey and Griscom (1978) as probably 
representing an unexposed pluton, possibly a 
hornblende-rich granodiorite. 

ANOMALIES OF THE CHUGACH 
AND PRINCE WILLIAM TERRANES 

Areas 22 and 23A-D 

Aeromagnetic anomalies in the Chugach terrane are 
rare. The map suggests a deep magnetic basement over- 
lain by a thick cover of dominantly nonmagnetic rock (area 
22). The three main units present-the McHugh Complex 
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(unit Mzm), the Valdez Group (unit Kv), and the Orca 
Group (unit To)-all are non-to-weakly magnetic. 

A small positive anomaly (area 23A) at the south- 
ern border of the map connects with a similar sized 
anomaly on the Seward Quadrangle. Case and others 
(1979) have attributed that anomaly to a deeply buried 
mafic-ultramafic body. Three other small positive anoma- 
lies (areas 23B-D) in the same general area are probably 
caused from similar bodies; the aeromagnetic gradients 
of anomaly 23C suggest the body is shallower than the 
body causing anomaly 23A. The composite pluton of 
Miners Bay, composed of gabbroic (Tm) and lesser gra- 
nitic rocks (Tg) (Nelson and others, 1985), crops out on 
the east side of Unakwik Inlet and has no expression on 
the aeromagnetic map. 

AEROMAGNETIC MODELS 
THROUGH THE NORTHERN 
CHUGACH MOUNTAINS 

Three cross-sections of aeromagnetic data through 
the northern Chugach Mountains were modeled by Saki, 
a 2-112 dimensional modeling program (figs. 4, 5, and 
6; Webring, 1985). AU the profiles show the relatively 
shallow northward or northwestward dipping faults (or, 
less likely, intrusive contacts) b o r d e ~ g  the northern edge 
of the Jurassic mafic and ultrarnafic rocks. The southern 
or southeastern edge is typically steeper and locally may 
dip to the south. Previous aeromagnetic and gravity 
models on the Anchorage and Valdez Quadrangles show 
similar cross-sections (Burns, 1982; Case and others, 
1986). The significant features about the present set of 
profiles and aeromagnetic models will be discussed in- 
dividually below. 

PROFILE A-A' 

A profile trending east-west across the city of An- 
chorage (figs. 4a-c) and extending west into the Tyonek 
Quadrangle was constructed using the current aeromag- 
netic map supplemented by east-west profiles across 
Cook Inlet that were interpreted by Grantz and others 
(1963). The composite profile shows two positive aero- 
magnetic anomalies west of the Border Ranges fault 
similar to those in the Ekluma-Duck Flats area (anoma- 
lies 1A-2B) and the Wolverine-King Mountain area 
(anomalies 1B-2C). The only difference is that the 
anomaly farthest away from the Border Ranges fault has 
a lower amplitude in thehchorage area than the anomaly 
closest to the fault; the opposite is seen in the other two 
areas modeled. 

All results of all models attempted suggest that the 
magnetic rocks underneath Anchorage and Cook Inlet 

appear to be present at shallow depths (for example, 
fig. 4). The upper westward surface of the magnetic rocks 
dips to the west at about 5 to 10'. In the models, the 
depth to the magnetic rocks underneath Cook Inlet gen- 
erally agrees with the thicknesses of nonmagnetic 
Cretaceous and Tertiary sedimentary rocks estimated 
from drill holes (Hartman and others, 1972). The east- 
ern border is more complex and may reflect thrust fault 
surfaces, dipping both to the west (the bottom) and to 
the east (the top), that have been cut by later high angle 
faults. Alternatively, the bottom and eastern boundaries 
could represent one curved, thrust fault. 

The only rocks exposed west of the Border Ranges 
fault in the area of profile A-A' are a few small outcrops 
of deformed metamorphic rock (unit KJtm, sheet 2). In- 
ference about other rock types can be made only by the 
inferred susceptibilities used with good results in mod- 
eling, rock types exposed on trend to the northeast, and 
aeromagnetic models for nearby profiles, such as for 
profile B-B' (discussed later). Three models that fit the 
profile best will be discussed here; each contains three 
or four blocks of different susceptibilities (figs. 4a-c). 

In figure 4a, the eastern anomaly is modeled with a 
susceptibility of 0.0032 cgs, the middle block with 
0.0016 cgs, and the western block with a susceptibility 
of 0.0039 cgs. The upper surface dips about 10" to the 
west. In figure 4b, the main differences are that the west- 
em block had a susceptibility of 0.0025 cgs, and the dip 
of the upper surface is 5" to the west. The eastern anomaly 
is probably formed from gabbroic rocks (or possibly ul- 
trarnafic rocks). The susceptibility of 0.003 cgs agrees 
with the susceptibility measurements by Case and oth- 
ers (1986) on gabbroic rocks from the Nelchina River 
Gabbronorite; we would interpret gabbroic rocks under 
the city of Anchorage as similar and related to the gab- 
broic rocks of the Nelchina River Gabbronorite. 

Both models of figure 4a and 4b suggest that the 
middle block is relatively nonmagnetic. Similar suscep- 
tibilities were used in models for profile B-B' for a 
mixture of Cretaceous trondhjemite and metasedimen- 
tary and volcanic rocks of Jurassic metamorphic age 
(KJtm). This mixture of rocks crop out to the northeast 
of Anchorage and may very well be present to the west 
of Anchorage. In profile B-B' thls relatively nonmag- 
netic block is present between ultramafic rocks to the 
southeast and probable mafic plutonic rocks to the north- 
west. 

In profile A-A' the far western block is most likely 
composed of plutonic rock; the composition could be 
quartz diorite, gabbroic, or a mixture of the two. 
Susceptibilities for this block vary with the dip of the 
surface. The shallower dips required lower sus- 
ceptibilities. The rocks could be quartz diorite with a dip 
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Figures. 4a-c: Profile A-A' across the city ofAnchorage. The top part of the diagrams show observed 
and calculated magnetic profiles. The bottom part of diagrams are cross-sections which show 
topography, geologic contacts, and the model which produces the calculated profile. Flight 
altitude was 1,OOOfrabove ground level. The western part of the profile was takenfrom Grantz 
and others (1963). A constant of 440 gammas was added to GrantzS data to enable joining 
profiles; a constant of 400 gammas was then subtractedfrom every point in the profile from the 
aeromagnetic map for modeling purposes. Geologic designators used: CI - Cook Inlet; 
Qu - Quaternary deposits; BR - Border Ranges fault; rn - McHugh Complex; and z - Valdez 
Group. Each body in the model has a magnetic susceptibility, k, in cgs units. No vertical 
exaggeration. 
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of about 5", or could be gabbroic with a steeper dip and 
a higher susceptibility. 

Figure 4c is an example of a model which includes 
a susceptibility (0.0015 cgs units) for unit KJtm east of 
the large positive anomaly. Adding this additional unit 
did not require that other blocks in the model be changed 
dramatically for the calculated profile to still resemble 
the observed profile. Various other similar geometries 
and susceptibilities could of course model the profile as 
well. 

PROFILE B-B' 

The profile and models (B-B'; figs. 5a-c) across 
Duck Flats and the Eklutna ultramafic body suggest that 
a large mass of magnetic rock is present under Duck 
Flats. The largest anomaly in the profile is formed from 
the body under Duck Flats, not from the Eklutna body. 
Various magnetizations and geometries were used in the 
models. In all the models the upper surface of this mag- 
netic body dips about 13 to 15" to the northwest toward 
Wasilla. The models indicate that the magnetic body does 
not have to continue across the Castle Mountain fault. 
Likely sources for this anomaly are either gabbroic 
rocks, quartz cliorite, or a complex mixture of these in- 
trusive rocks. 

The southern boundary of the bodies is more uncer- 
tain. Various geometries produce values which roughly 
fit the observed profile. However, none of these bodies 
produce a profile which fits the data 20 to 30 km to the 
southeast of the anomaly. This suggests the geometry 
and susceptibilities are not quite correct in the models 
shown. 

Without susceptibility data, no one model can be 
favored; however, the susceptibilities used in figures 5a 
and 5b are probably more realistic geologically than the 
high susceptibilities used in the thin body model (fig. 5c). 
In figures 5a and 5b, the Ekluma body appears to be 
quite small. The models suggest that the Border Ranges 
fault dips 50-60" to the north, and that it may be cut by 
younger high angle faults. 

The body in the northwest part of profile B-B' is 
probably Tertiary volcanic rocks or an intrusion. The 
shape of the body in figures 5a-5c is influenced by edge 
effects, and could be considerably thinner. 

general shape for aeromagnetic and gravity models which 
have been calculated for the area previously (Burns, 
1982; Case and others, 1986).All modeling suggests that 
the northern boundary of the gabbroic body dips about 
10-20" to the north. The body is bounded on the south 
by a fault which dips more steeply, varying in the mod- 
els from about 60" to the south to 60" to the north. Com- 
monly, the southern part of the Nelchina River 
Gabbronorite consists of cataclastically deformed and 
very altered gabbroic rocks (Pessel and others, 1981). 
The extreme deformation and alteration may be the rea- 
son that the apparent width of the gabbroic body at the 
surface is much smaller in one model (fig. 6a) than what 
is actually exposed. Alternatively, the modeling may just 
indicate that a simple one body model does not fit the 
exposed geology very well. Also, errors associated with 
subjectively joining the two surveys near the northern 
border of the gabbroic body may also be the reason the 
geometry of the model in figure 6a is not correct at the 
surface. 

A model with a wider gabbroic body at the surface 
(fig. 6b) required a small area of very high susceptibil- 
ity. The susceptibility value used, k=0.0077 cgs units, is 
not impossible for a magnetite-rich gabbroic rock. Geo- 
logic mapping indicated that the Nelchina River 
Gabbronorite has local areas where much magnetite is 
present in the gabbroic rocks (for example, Burns, in 
press). Various geometries and susceptibilities could be 
produced which would fit the observed aeromagnetic 
profile fairly well. 

In profile C-C' a positive anomaly of 600 gammas 
amplitude reflects anomaly 7c on sheet 2 (fig. 6a). This 
anomaly is present over the Talkeetna Formation just 
north of the gabbroic body and is probably caused by a 
magnetic pluton, about 5 km2, which is not exposed.The 
anomaly has very steep gradients, suggesting a very shal- 
low source. Many dikes of Tertiary andesite are present 
in the area, which suggests that the intrusion is Tertiary 
andesite or basalt (unit Ti). A model using a small intru- 
sion of fairly magnetic rock, such as basalt, produces a 
profile which reasonably fits the observed profile. 

MAGNETIC ANOMALIES 
AND MINERAL RESOURCES 

PENINSULAR TERRANE 
PROFILE C-C' 

Two models are shown for profile C-C' (figs. 6a-6b); 
the large anomaly in the profile is formed from the 
Nelchina River Gabbronorite. Figure 6a shows a simple 
one-body model for the big anomaly, and figure 6b shows 
a multiple-body model. The models show the common 

ROCKS BETWEEN THE CASTLE 
MOUNTAIN - CARIBOU FAULTS 
AND THE BORDER RANGES FAULT 

Small prospects of chromite have been located in 
the Eklutna and Wolverine ultramafic bodies (Rose, 
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Figure 5a-c. Profile B-B'across Duck Flats and the Eklutna ultramafic body. The top part of the 

diagrams show the observed and calculated magnetic-profiles. The bottom part of the dia- 
grams are cross-sections which show topography, geologic contacts, and the model which 
produced the calculated profile. Flight altitude was 1,aK)ft above ground level. A constant of 
400 gammas was subtracted from every point in the profile from the aeromagnetic map for 
modeling purposes. Geologic designators used: Qu - Quaternary deposits; CM - Castle Moun- 
tain fault; s - Tertiary-Jurassic sedimentary rocks; tm - Cretaceous trondhjemite and Jurassic 
metamorphic rocks; um - Eklutm ultramafic body; BR - Border Ranges fault; m - McHugh 
Complex; and z - Valdez Group. Each body in the model has a magnetic susceptibility, k, in cgs 
units. No vertical exaggeration. 
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Figure 6a-b. Profile C-C' across the Nelchina River Gabbmnorite. The top part of the diagram 
shows the observed and calculated magnetic profiles. The bottom part of the diagrams are 
cross-sections which show topography, geologic contacts, and the model which produces the 
calculated profile. Flight altitude was 1,000ft above ground level. A constant of 4,750 gammas 
was subtracted from points on the northern survey to enable joining. Then a constant of 
400 gammas was subtracted from every point in the profile from the aeromagnetic map for 
modeling purposes. Geologic designators used: Qu - Quatemry deposits; s - Tertiary-Jurassic 
sedimentary rocks; v - Talkeema Formation volcanic rocks; q - quartz diorite; g - Nelchina 
River Gabbronorire; BR - Border Ranges fault; m - McHugh Complex; and z - Valdez Group. 
Each body in the model has a magnetic susceptibility, k, in cgs units. No vertical exaggeration. 
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1966) and were discussed in detail by Foley and Barker 
(1985) and Newberry (1986). None of the chromite 
prospects found to date are large enough to be economic 
in 1991 market conditions and no significant platinum 
group element (PGE) values have been noted (for 
example, Clark, 1972; Clark and Greenwood, 1972). 
None of the prospects cause anomalies on the 
aeromagnetic map, because chromite is only weakly 
magnetic. 

Some gabbroic rocks, particularly in the eastern part 
of the quadrangle, contain 5 - 15 percent modal magne- 
tite (Bums and others, 1983; Bums, in press). Many of 
the larger aeromagnetic anomalies in the eastern part of 
the quadrangle are probably formed by these magnetite 
gabbronorites. Newberry (1986) examined these rocks 
for vanadium and titanium contents and found all areas 
to be subeconomic. 

Small prospects are located in stratiform to 
stratabound, slightly argentiferous, pyrite-rich zones and 
rare copper-sulfide-bearing quartz veinlets in the 
Talkeetna Formation in the Anchorage Quadrangle 
(Grantz, 1961; McMillin, 1984; Newberry, 1986). Low 
assay values for the pyrite-rich zones and the small size 
of copper veins indicate poor economic potential 
(Newbeny, 1986). No particular aeromagnetic anoma- 
lies are associated with these zones. 

ROCKS NORTH OF THE CASTLE 
MOUNTAIN - CARIBOU FAULTS 

Lode gold mines of the Willow Creek mining dis- 
trict are present in the southwest part of the Tallceema 
Mountains. The mines are present in an eastern and west- 
ern zone (Ray, 1954). Quartz monzonite underlies the 
western zone, and a mixed unit of arnphibolite, quartz 
diorite, and trondhjemite (unit Jma; Winkler, 1992) un- 
derlies the eastern zone. The gold is present in a quartz 
vein system. Individual lode gold deposits of the Wil- 
low Creek mining district are not distinguishable on the 
aeromagnetic map. However, both of these zones have 
aeromagnetic signatures composed of many small 
"bird's-eyes" of limited areal size (commonly less than 
2 km2) which typically have a positive anomaly about 
700 gammas amplitude (areas 16A and 16B). The simi- 
larity of the aeromagnetic signatures, coupled with the 
presence of gold prospects and mines in both areas, sug- 
gests that (1) quartz monzonite is at least in part the reason 
for the gold concentration, and (2) quartz monzonite 
probably occurs at shallow depths under the eastern zone. 

Some gold placers have been found in the 
northcentral part of the quadrangle (Cobb, 1972). These 
placers have no magnetic expression at 300 m above the 
surface. 

CHUGACH AND PRINCE 
WILLIAM TERRANES 

Small quartz veins containing gold * silver are 
present in a few areas in the Chugach terrane, particu- 
larly near Crow Creek along the southwest boundary of 
the map and between Metal Creek and Mount Sargent 
Robinson north of the Knik Glacier (Cobb, 1972). Gen- 
erally, the veins occur near felsic dikes and plugs. As 
these areas and units show no manifestation in the aero- 
magnetic map, these areas are not shown on the map. 

SUMMARY 

The two major tectonostratigraphic terranes that 
form most of the Anchorage Quadrangle have very dif- 
ferent aeromagnetic signatures. The aeromagnetic pattern 
of the Peninsular terrane is characterized by variation, 
including strong positive anomalies, flat anomalies, and 
moderately strong, negative anomalies. In contrast, the 
aeromagnetic signature of the Chugach and Prince Wil- 
liam terrane shows little fluctuation, and in general 
reflects the monotonous sequence of non-to-weakly 
magnetic flysch. 

Jurassic units, including ultramafic and gabbroic 
rocks, volcanic rocks of the Talkeetna Formation, and 
various other plutonic rocks, form a magnetic basement 
in the Peninsular terrane. These rocks are overlain in the 
Matanuska Valley and Cook Met  by sedimentary rocks 
of Jurassic through Tertiary age and are intruded, par- 
ticularly north of the Castle Mountain fault, by 
Cretaceous and Tertiary plutonic and hypabyssal rocks. 

The largest positive aeromagnetic anomaly in the 
Anchorage Quadrangle and in southernAlaska is formed 
by the plutonic rocks of the Peninsular terrane near the 
Border Ranges fault. The major source of the anomaly 
is interpreted to be gabbroic rocks, with less input from 
ultramafic rocks and quartz diorite. The maps and pro- 
files indicate that the upper surface of the gabbroicl 
plutonic rocks dip steeply on the south and southeast 
sides and shallowly to the north and northwest. 

Many of the plutons in the Talkeetna Mountains, 
including the quartz monzonite associated with gold 
mining in the Willow Creek mining district, can be dis- 
tinguished from adjacent plutons by their aeromagnetic 
signatures. In addition, the locations of small plugs of 
probable Tertiary age can also be discerned on the aero- 
magnetic map in the Chugach and possibly Talkeetna 
Mountains even though they are not exposed. 

The large trough and adjacent highs in the north- 
west corner of the quadrangle are probably due to 
reversely and normally magnetized Tertiary volcanic 
rocks, although the trough could also be formed from a 



Aeromagnetic Map of the Anchorage Quadrangle 23 

reversely magnetized pluton. 
The aeromagnetic signature of the Chugach and 

Prince Wfiam terranes suggests a relatively deep (deeper 
than 5 km) magnetic basement covered by a thick cover 
of nonmagnetic rock. The few small anomalies that are 
present probably represent small moderately-to-deeply 
buried mafic-ultramafic bodies. 
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